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SYNTHESIS AND CHARACTERIZATION OF BROMO-FUNCTIONAL 
HYPERBRANCHED POLYMERS BY SELF CONDENSING VINYL 
POLYMERIZATION UNDER VISIBLE LIGHT AND THEIR 
MODIFICATIONS 
SUMMARY 
In recent years, a wide range of new technologies was emerged to improve the 
properties of polymeric materials. Hyperbranched polymers have gained a 
tremendous interest in the macromolecular and materials science due to the improved 
or newly introduced properties. Hyperbranched polymers belong to the same family 
of multi branched polymers having considerably regular structure known as 
dendrimers. However, compare to the linear and dendritic analogues, they possess a 
number of several additional properties. These include; i) simple synthesis in a one 
step, ii) very low melting viscosity, iii) excellent solubility in many solvents, iv) low 
solution viscosity and modified melt rheology, vi) high level of terminal end group 
functionality and different polarity that facilitates their use in guest – host related 
systems. When analyzed in terms of mechanical properties, these hyperbranched 
polymers are appropriate as addition agents for thermosets if high quality is desired 
for a specific application. Hyperbranched polymers receive increasing interest in bio-
materials field especially production of biodegradable product due to their low cost 
synthesis, well defined molecular structure, multi functionality and low molecular 
weight averages. They can also be used as the base component for resin productions, 
coating agent to increase flexibility in packaging and drug delivery, gene carrier, 
viscosity stabilizer in bio engineering arising from again their solubility, low 
viscosity and excessively functional groups properties.  
Dendrimers, which also have branched structures, are synthesized by successive 
multi-step reactions. Therefore, long synthesis times, requirement of labor and hard 
prufication procedures limit their use in practical applications. Unlike to dendrimers, 
hyperbranched polymers are readily obtained by much simpler synthetic processes. 
Many new methods for their synthesis have been developed. Synthesis of 
hyperbranched polymers can be classified into three main strategies: (i) step-growth 
polycondensation of ABx monomers, (ii) self-condensing vinyl polymerization 
(SCVP) of AB* monomers and, (iii) ring-opening polymerization of latent ABx 
monomers. 
In this thesis, self-condensing vinyl polymerization of AB* monomers which is the 
second methodology described above will be investigated using a novel 
photochemical approach. General SCVP was first developed by Fréchet to produce 
polymers with both highly branched structures and several functional groups. Thus, 
synthesis of chain-end functionalized branched polymers with different architectures 
can be provided by using controlled/conventional polymerization systems. Synthesis 
of halogen functional hyperbranched polymers in a one step will be accomplished 
through a modified inimer concept (a special kind of vinyl monomers containing a 
pendant group that can be converted into an initiating moiety). Inimers are descried 
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as AB* type molecules, where A stands for a double bond and B* represents an 
initiating group. First the initiating group is activated and then reacted with a double 
bond to form a covalent bond and a new active side on the second carbon of the 
double bond. Photopolymerization offers high rate of polymerization at ambient 
temperatures, low energy consumption, solvent free polymerization, spatial and 
temporal control of initiation. In this thesis, we have concentrated on a dinuclear 
manganese carbonyl complex [Mn2(CO)10], which readily undergoes both 
photochemical and thermal homolysis of the metal-metal bond to form the highly 
reactive metal-centered radical [•Mn(CO)5]. Although dinuclear complex itself may 
be stable and inactive in the dark, it can generate a highly active metal species under 
appropriate photoirradiating conditions in the presence of an appropriate organic 
halide initiator. It was predicted that this generated [•Mn(CO)5] radicals could 
abstract a halide from the inimer to give carbon-centered radical and the initiation 
and the propagation then take place concomitantly. Its use for radical polymerization 
dates back to the pioneering studies of Bamford who demonstrated that the thermal 
and photochemical homolysis of Mn2(CO)10 in the presence of carbon tetrachloride 
(CCI4) can initiate free radical polymerization of methyl methacrylate (MMA). 
In the second part of the thesis, starting from this synthesized halogen functional 
hyperbranched structure, essential modifications will be carried out and different 
polymer chains as well as appropriate functional groups will be attached to branched 
structure with the help of ‘Click Chemistry’ process. Depending on the specific 
application, the hydrophobic-hydrophilic character of the modified branched polymer 
can easily be adjusted. Thus, the method applied gives high design flexibility for 
specific purposes.  
Additionally, using this halogen functionalized hyperbranched polymer structure as 
macro initiator will provide possibility to incorporate also polymeric chains. By this 
way, a wide range of polymeric chains with diverse properties selected according to 
the specific application can easily be connected to hyperbranched structure. 
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GÖRÜNÜR BÖLGEDE YAPIDA YOĞUŞAN RADİKALİK VİNİL 
POLİMERİZASYONU İLE BROM FONKSİYONLU ÇOK DALLANMIŞ 
POLİMER SENTEZİ VE MODİFİKASYONLARI 
ÖZET 
Son yıllarda, polimerlerik malzemelerin özelliklerinin iyileştirilmesi amacıyla birçok 
yeni teknoloji geliştirilmeye çalışılmıştır. Çok dallanmış polimerler, malzeme 
biliminde sürekli yenilenen ve geliştirebilen özellikleri sayesinde oldukça önemli bir 
yer edinmeye başlamıştır. Çok dallanmış polimerlerin, dendrimerler olarak bilinen 
oldukça düzenli yapıya sahip çok dallanmış polimerler ile aynı aileden geldiği 
düşünülmektedir. Ancak, çok dallanmış polimerlerin dendrimer ve lineer analogları 
ile karşılaştırıldığında farklı bir takım üstünlüklere sahip olduğu yapılan çalışmalar 
ile kanıtlanmıştır. Bu özellikler arasında dendrimerlerden farklı olarak; i) çok aşamalı 
sentez yöntemlerinin yanı sıra daha basit tek aşamalı olarak elde edilebilmeleri, ii) 
oldukça düşük eriyik vizkozitesine sahip olmaları, iii) lineer analogları ile 
karşılaştırıldığında ise birçok çözücü ortamında çözünebilir olmaları, iv) sahip 
oldukları uç grupların modifikasyonu ile farklı polariteye sahip olabilmeleri sonucu 
misafir–ev sahibi ilişkili sistemlerde kolaylıkla kullanılabilir olmaları gelmektedir. 
Mekanik özellikleri açısından incelendiğinde ise; belirli bir çalışmada yüksek 
mekanik dayanıklılık tercih edildiğinde bu çok dallanmış polimerler termosetler için 
katkı maddesi olarak da kullanılabilmektedirler. Düşük maliyetli sentezleri, iyi 
tanımlanmış moleküler yapıları, çok fonksiyonlu oluşu ve düşük molekül ağırlığı 
dağılımından dolayı çok dallanmış polimerler biyomalzeme alanında, özellikle 
biyobozunur malzemelerin üretilmesinde gün geçtikçe dikkat çeken bir ilgiye 
sahiptirler. Yüksek çözünürlüğü, düşük vizkozitesi ve sahip olduğu fazlaca 
fonksiyonel grupları sayesinde reçine yapımında baz olarak, ambalajlamada esnekliği 
arttırmak amacıyla kaplama maddesi olarak ve biyo mühendislik alanında ise 
özellikle ilaç salınımı, gen taşıyıcı ve vizkozite düzenleyici olarak 
kullanılabilmektedirler. 
Dallanmış yapıya sahip olan dendrimerler tekrarlamalı sentez yolları içerir. 
Dolayısıyla uygulamada sentezlerinin zaman alımı, işçilik gerektirmesi ve sentez 
sonunda yapılan yoğun saflaştırma aşamaları en büyük dezavantajları olarak göze 
çarpmaktadır. Çok dallanmış polimerler ise dendrimerlerden farklı olarak daha basit 
sentez aşamaları içerirler. Sentezleri için, tekrar basamağı içermeyen birçok yöntem 
denenmiştir. Sentez yöntemleri genel olarak 3 ana başlık altında toplanabilir. Bunlar; 
i) Aşamalı Polikondenzasyon, ii) AB* Monomerlerinin Yapıda Yoğuşan Vinil 
Polimerizasyonu, iii) ABx Monomerlerinin Çoklu Dallanan Halka Açılması 
Polimerizasyonudur. Bu polimerizasyon sistemleri farklı kontrollü ve kontrollü 
olmayan polimerizasyon sistemleri ile birlikte yürütülebilmektedir. En çok 
uygulanan sistemlerin başında ise fotopolimerizasyon gelmektedir.  
Özellikle son yıllarda fotobaşlatılmış polimerizasyon tekniklerinin daha tercih edilir 
olma sebeplerinin başında ekonomik ve ekolojik olarak uyumlu bir polimerizasyon  
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metodu olmaları gelmektedir. Fotopolimerizasyonunun sahip olduğu avantajları 
genel olarak oda sıcaklığında yüksek hızda polimerizasyonun sağlanması, düşük 
enerji gereksinimi, polimerizasyon için çözücü gerektirmemesi, uygulanacak yüzey 
alanı ve uygulama süresinin kontrol edilebilmesi şeklinde sıralanabilinir. 
Fotopolimerizasyon sahip olduğu bu avantajlarından dolayı özellikle sıvı kristallerin 
sentezlenmesinde, boya ve mürekkep sanayisinde, kaplama sanayisinde, baskı 
levhaları, optik frekans yönlendiricileri ve mikroelektronik gibi uygulamalarda 
kullanılmaktadır. Fotopolimerizasyon radikalik, katyonik ve anyonik olarak 
başlatılabilse de çok sayıda fotobaşlatıcının ve yüksek reaktivitedeki monomerlerin 
bulunulabilirliği açısından serbest radikal ve katyonik sistemlere daha fazla ilgi 
duymaktadır. Genellikle endüstriyel uygulamalarda serbest radikal 
fotopolimerizasyon sistemleri kullanılmaktadır.  
Bu tez çalışmasının ilk bölümünde amaç radikalik sistemlerin bir örneği olan AB* 
monomerlerinin yapıda yoğuşan vinil polimerizasyonu yönteminin, 
fotopolimerizasyon ile birlikte uygulanarak fonksiyonel çok dallanmış polimerlerin 
tek basamakta sentezlerini sağlayabilmektir. Bu yöntem ilk olarak Fréchet tarafından 
polimere yüksek dallanma ve fonksiyonellik kazandırma amacıyla geliştirilmiştir. 
Böylelikle farklı kontrollü ve kontrollü olmayan polimerizasyon tekniklerinin birlikte 
uygulanması ile zincir sonu fonksiyonalitesine sahip çok farklı mimarilerde 
dallanmış polimer eldesi sağlanabilinmiştir. Bunun için inimer adı verilen AB* 
yapısındaki, başlatıcı ve monomeri yapısında birlikte bulunduran özel bir tür olan bir 
vinil monomerinden yola çıkılarak çok dallanmış, uç grup fonksiyonlu polimer 
yapısının tek basamakta sentezlenmesi amaçlanmıştır. Burada A yapısı çifte bağı 
temsil ederken B* yapısı ise başlatıcı kısmı ifade etmektedir. İnimerlerin 
kullanılması ile görünür bölgede organometal bileşiklerinin homolitik bağ 
kırılmasına uğraması ve oluşan radikallerin organohalojen varlığında inimerden yeni 
bir radikal oluşturması ile polimerizasyonun ilerlemesi amaçlanmıştır. Organometal 
olarak dimanganezdekakarbonil [Mn2(CO)10] bileşiği kullanılacaktır. Mn2(CO)10 
oldukça hızlı bir şekilde hem ısısal hem de fotokimyasal olarak homolitik metal–
metal bağı kırılmasına uğrar ve sonuçta da metal merkezli aktif radikaller oluşturur 
[•Mn(CO)5]. Dimanganez dekakarbonil bileşiği karanlıkta kararlı ve inaktif olmasına 
rağmen, uygun organohalejenür ve uygun aydınlatma koşullarında oldukça aktif olan 
metal bileşikleri vermektedir.  
Daha sonra oluşan bu radikaller inimerden bir halojen kopartarak, inimerin başlatıcı 
kısmında karbon merkezli yeni bir radikal oluşmasını sağlayıp polimerizasyonu 
başlatır ve büyüme devam eder. Bu şekilde halojen fonsiyonlu çok dallanmış 
polimerler tek basamakta sentezlenebilir. Bu yöntemin radikal üretme aşaması ilk 
defa Bamford tarafından ortaya atılmıştır. Mn2(CO)10, karbon tetra klorür (CCI4) 
varlığında metilmetakrilatın (MMA) serbest radikalik polimerizasyonunda 
kullanılmıştır.  
Tezin diğer bir bölümünde ise, sentezlenen bu uç grup fonksiyonlu çok dallanmış 
yapıdan yola çıkılıp gerekli kimyasal modifikasyonlar gerçekleştirilecek ve uygun 
fonkiyonel gruplar içeren farklı polimer zincirleri ‘Click Kimyası ( çıt-çıt )’ prossesi 
yardımıyla dallanmış yapıya bağlanacaktır. Click Kimyası çeşitli tepkime 
koşullarında gerçekleştirilen, yüksek verimli, hızlı, yüksek seçicilikli, birçok 
fonksiyonel grupla uyumlu ve etkisiz ya da hiç yan ürün vermeyen kimyasal 
tepkimeler topluluğudur. Genel olarak bakır katalizörlüğünde gerçekleşen azid ve 
alkin gruplarının Huisgen 1,3-dipolar siklokatılma reaksiyonu (CuAAC) “Click” 
kimyası reaksiyonları arasında en çok tercih edilenidir. Bu reaksiyon sayesinde 
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organik kimya, supromoleküler kimya, ilaç kimyası, biyokonjugasyon ve malzeme 
bilimi gibi bir çok uygulama alanında bir araya gelmesi çok zor görünen gruplar 
kolaylıkla birleştirilmektedir. Bu şekilde elde edilen modifiye dallanmış polimerin 
hidrofilik-hidrofobik karakterinin uygulama amacına yönelik olarak düzenlenmesi de 
gerçekleşmiş olacaktır. 
Tezin üçüncü bölümündeki amaç ise, birinci bölümde sentezlenen halojen 
fonksiyonlu çok dallanmış polimer yapısının makro başlatıcı olarak kullanılması ile 
uygun potansiyel uygulamalar için sentezlenen çok dallanmış polimere farklı 
fonksiyonların kazandırılmasına imkân sağlamaktır. Bu amaçla brom fonksiyonlu 
çok dallanmış makromolekül, Mn2(CO)10 varlığında radikalik fotopolimerizasyon 
yöntemi ile metilmetakrilat ve 2-hidroksietil metakrilat’ın polimerleştirilmesinde 
makrobaşlatıcı olarak kullanılacaktır. Bu çalışma sonucu amfifilik karakterdeki 
copolimerlerin sentezi sağlanmış olunacaktır. 
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1. INTRODUCTION 
In recent years, hyperbranched polymers have become an attractive field of research 
not only due to their inherent characteristics such as increased solubility, reduced 
solution viscosity [1, 2] and a higher level of terminal functionality [3, 4]but also 
relatively easier preparation methods compared to other dendritic polymers [5, 6]. 
Based on these properties, they have been widely used in many applications such as 
organic dye carrier systems [7, 8], crosslinkers agents in coatings and in thermosets 
[9, 10], drug delivery and gene carriers [11], viscosity modifiers [12, 13] and catalyst 
supports [14], optic materials [15]. 
Synthesis of hyperbranched polymers can be rationalised into three main strategies: 
(i) step-growth polycondensation of ABx monomers, (ii) self-condensing vinyl 
polymerization (SCVP) of AB monomers and (iii) ring-opening polymerization of 
latent ABx monomers [16-19]. A stylish mode of such techniques, self-condensing 
vinyl polymerization, was first developed by Fréchet to produce polymers with both 
highly branched structures and several functional groups. This approach allows 
preparation of hyperbranched polymers of “inimers”, a special kind of vinyl 
monomer containing a pendant group that can be converted into an initiating moiety. 
Inimers are formulized as AB*, where A stands for a double bond and B* represents 
an initiating group. First, the initiating group is activated and then reacts with a 
double bond to form a covalent bond and a new active side on the second carbon of 
the double bond. Depending on inimer structure, SCVP has been adapted to a wide 
variety of controlled polymerization systems including living ionic [20] and cationic 
polymerization [21, 22], atom transfer radical polymerization [23], reversible addition 
fragmentation chain transfer polymerization [24], nitroxide-mediated polymerization 
[25], group-transfer [26] and ring-opening polymerization [27-29]. And also utilizing 
high solubility and low viscosity of the hyperbranched polymers, the SCVP method 
has been used to various graft hyperbranched polymers on the surface of solid 
materials [3]. 
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Figure 1.1 : Synthesis of bromine functional hyperbranched PMMA. 
Photoinduced chemical reactions can advantageously be utilized in the field of 
polymer chemistry [30]. Photoinitiated polymerization has many advantages over 
other polymerization processes including that it is fast, uses little energy, readily 
occurs at room temperature, and is low cost [22, 31]. Therefore, it has been the basis 
of numerous conventional applications in surface coatings, printing inks, adhesives, 
microelectronics, printing plates and three dimensional imaging and micro-
fabrication processes [30, 32, 33]. In this thesis, we have concentrated on a dinuclear 
manganese carbonyl complex [Mn2(CO)10], which readily undergoes both 
photochemical and thermal homolysis of the metal-metal bond to form the highly 
reactive metal-centered radical [•Mn(CO)5]. Although dinuclear complex itself may 
be stable and inactive in the dark, it can generate a highly active metal species under 
appropriate photoirradiating conditions in the presence of an appropriate organic 
halide initiator. In organic reactions, it is reported that Mn2(CO)10 can be easily 
photolyzed via the σ-σ* transition to induce the redox-photosensitized reactions with 
alkyl halides [34-41]. 
In this thesis we aimed to synthesize hyperbranched polymers by the use of active 
manganese radical species [•Mn(CO)5], produced upon photolysis of Mn2(CO)10, 
under visible light irradiation. After synthesized functional hyperbranched polymers 
by free radical photopolymerization, this polymer were used as a macroinitiator for 
second addition on the polymer and then with the help of the click chemistry, 
polymers were functionalized for further spesific applications.   
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2. THEORETICAL PART 
2.1 Free Radical Polymerization 
In last seventy years, free radical polymerization was came into prominence not only 
for industry but also for academy. By using free radical polymerization’s system 
annually billions tones of polymers can be produced, but its scentific understanding 
is posteriored from commercialization as in the case of understanding of chain 
polymerization process of metylmethacrylate and styrene [42, 43].  
A wide variety of different polymers and materials can be synthesized by using the 
routes of free radical polymerization [44]. In this polymerization process polymeric 
structures were generated by sequential addition of free radical building blocks. Free 
radicals which is used for initiating the polymerization can be produced by a number 
of different mechanisms generally containing varied initiator molecules. If compared 
with other vinyl polymerization systems, it is appropriate for using with a broad 
variety of monomers and is also performed synthetically much easier than anionic or 
cationic processes. In addition to these advantages and its commercial importance, 
the major drawbacks of this system not being capable of controlling polymer 
architecture. Eventhough free radical polymerization has some handicaps it can be 
used in a lot of potential applications such as functionalization of carbon nanotubes 
[45], synthesizing of biocompatible nanocomposite hydrogels with strength 
mechanical properties [46] and producing polymers from a wide variety of chemical 
substrates [47] , but these applications is not limited to the manufacture of 
polystyrene, thermoplastic block copolymer and elastomers. 
2.2 Photopolymerization 
During the last decades, photopolymerization takes an interest in industrial and 
academic field thanks to its excellent properties. Photopolymerization has many 
advantages if compared with thermal and redox curing which the systems are heated 
to obtain active species. For example, spatial control and temporal control of 
photopolymerization make them attractive for rapid and inexpensive processing of 
polymeric composites and initiation reaction is achieved by the control of the 
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initiating light because rate of the polymerization product is independent from 
temperature. Furthermore, by using photochemical processes active centers produce 
more quickly and efficiently than thermal processes, they operate at room 
temperatures, in order to reduce material cost it is used with solvent free systems 
hereby volatile organic compound emission have been eliminated. Photochemical 
studies provides high production rates and it needs less energy for curing more than 
thermal polymerizations.  
In recent years photopolymerization technologies have a lot of commercial 
applications thanks to the its unique properties. In practice, these applications have 
been sorted into some categories. i) utilizing from solubiliy properties of this 
polymerization, printed wiring board resists, and printing plates [48, 49], ii) by 
application of adhesion modulation in photopolymer materials, printing products 
such as printing inks [50] and printing plates [51] iii) by changing of refractive index 
in photopolymer, liquid cyristal displays and holographic devices, iv) by adjusting 
electrical conductivity on the surface of a photopolymer, film protective furnitures 
are produced [48]. In addition to these, photopolymerization technologies are widely 
used in areas such as coatings for biosensors and electrodes, coatings for optical 
fibers , textile fibers and polyester films, membrane materials, ion-selective 
electrodes, production of contact lenses and implants, hydrogels, the immobilization 
of enzymes and dental applications [32, 52-54]. 
Photopolymerization is typically a process that use light energy to initiate chain 
reaction to obtain polymeric materials [55]. The ractive specises can be free radicals, 
anion or cation, which are achieved from photosensitive compounds by way of 
explanation photoinitiators and/or photosensitizers, by a electromagnetic radiation 
[55]. If needed speciallity such as flexibilty, colours and toughness, 
photopolymerization systems are composed of monomer(s), the initiator(s), any 
photosensitizers and other additives. The rection is started with absorbtion of light by 
photoinitiators and then active center is produced. With the absortion of light by 
initiator, some type of decomposition is occur by hydrogen abstraction or electron 
transfer reaction.  The most important point here is active centers contain a radical 
species which include an unpaired electron [56, 57]. After generation of active 
centers, first the initiating group is activated and then reacted with a double bond to 
form a covalent bond and a new active side on the second carbon of the double bond 
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and propagation and termination then take place in the same way as thermal 
polymerization systems. Eventhough photo polymerization follow the same laws of 
chemistry as do the thermal polymerizations in kinetic treatment, important 
differences appear during the initiating stage. Active species such as free radicals 
come from thermal degradition in thermal polymerization but on the other side in 
photopolymerization free radicals produce from photolyses of the photoinitiators. 
2.2.1 Photoinitiated free radical polymerization 
Photoinitiated free radical polymerization has an importance that can not be ignored 
in polymerization of vinyl monomers, which have spectral sentsitivity  in the near - 
UV or visible range, such as acrylates, unsaturated polyesters, and polyurethanes. 
This method was reported on polymerization of styrene by sunlight more than 150 
years ago by Blyth and Hoffman [58]. In these days polymerization of vinyl 
monomers have commercial interest as a consequence of its conceivable 
applications. The scaling of these applications depends on directly the development 
of the photoinitiator systems. Thus the adoption of radiation curing for spesific 
demands can be provided by new types of photoinitiators. 
Photoinitiated free radical systems consist four distinct steps. 
The role of the light plays role in photopolymerization is restricted to the very first 
step, namely the absorption and generation of initiating radicals. The reaction of 
these radicals with monomer, propagation, transfer and termination are purely 
thermal processes; they are not affected by light. 
i) photoinitiation step involves absorption of light by a photosensitive compound or 
transfer of electronic excitation energy from a light absorbing sensitizer to the 
photosensitive compound. Homolytic bond rupture leads to the formation of a radical 
that reacts with one monomer unit (2.1a). 
ii) propagation step involves repeated addition of monomer units to the chain radical 
produces the polymer backbone (2.1b).  
iii) chain transfer step involves termination of growing chains by hydrogen 
abstraction from various species (e.g., from solvent) and formation of new radicals 
capable of initiating other chain reactions (2.1c). 
iv) termination step involves termination of chain radicals by disproportionation or 
recombination reactions. Termination can also occur by recombination or 
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disproportionation with any other radical including primary radicals produced by the 
photoreaction(2.1d). 
 
 
(2.1a) 
 
 
 
(2.1b) 
 
 
 
 
(2.1c) 
 
 
 
 
 
 
(2.1d) 
 
Figure 2.1 : Elementary reactions in free radical photopolymerization. 
In this polymerization system initiators are used to generate active species such as 
radicals and ions. Photoinitiators are generally divided into two classes with regard to 
the process by which initiating active species are generated. 
2.2.1.1 Photoinitiating systems 
Photochemical reactions occur electronic arrangement initiated by electromagnetic 
radiation and photochemical reactions are active only few electromagnetic spectrum 
such as most often used one ultraviolet (200–400 nm) or visible (400–800 nm) light, 
but sometimes infrared (800–2500 nm) light. In a photocehmical process firstly 
photoexcitation occurs which means light is absorbed by the reactant and then the 
reactant is arised to higher energy state, so it is excited. The energy causing 
excitation, E, is described by E=hc/λ where h is Planck’s constant, c is the speed of 
light, and λ is the wavelength of the exciting light. Light absorption is described by 
A= εCl, where ε is the molar absorptivity (extinction coefficient), C is the 
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concentration of the species, and l is the light path length. Absorbtion of light can be 
provided only some materials such as phenyl rings or carbonyl groups, responsible 
for the absorption of light and described to as chromophoric groups. Typical 
chromophores groups come out of unsaturated functional groups such as C=C, C=O, 
NO2 or N=N [57-60]. 
Photochemical curing of special monomer such as vinyl ethers, urethanes and 
acrylates are initiated by free radicals. This initiatiation by free radicals are obtained 
from photoinitiator, which is electronically excited molecules, in pratical works. 
After absorbtion of a photon, photoinitiator molecule is excited into the singlet state 
and then the generation of a radical comes about by means of a triplet state. In this 
system the formation of radicals obtain with two possible reaction that are 
determinated as Type I and Type II reactions. In Type I reaction, upon irradiation of 
the photoinitiator hemolytic degradation with unimolecular bond cleavage occurs and 
directly generates  radicals able to initiate the  polymerization. 
In Type II reaction, the reaction kinetics is different from in Type I. Because of the 
exciting state energy is not efficient for disintegration hence the excited molecule can 
react with another spieces of the polymerization mixture to create initiating radicals 
such as hydrogen abstraction from a suitable hydrogen donors and photoinduced 
electron transfer reactions. For this reason the kinetics of these reactions have some 
distinct differences. 
2.2.1.2 Type I photoinitiators (unimolecular photoinitiator systems) 
This type of initiation system involves only one molecular species interacting with 
the light in order to produce free-radical active centers for this reason photoinitiators 
called as unimolecular are so designated.  
 (2.2) 
 
   (2.3) 
These type of compounds are gone throuhg a homolytic bond cleavage by absorption 
of light such as α or less common β cleavage and generation of initiating radicals 
capable of inducing polymerization. (Figure 2.2). The fragmentation that leads to the 
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generation of radicals is, from the point of view of chemical kinetics, a unimolecular 
reaction. 
 
Figure 2.2 : Formation of initiating radicals from decomposition of a Type I 
photoinitiator. 
As shown in reaction above when the photoinitiator absorbs ultraviolet light it has 
been excited. This procedure takes place only under the following conditions that 
photoinitiator contains a bond with dissociation energy lower than that of the excited 
state. After obtaining this terms, the covalent bond can be cleaved  leading to 
generation  of a reactive species and to produce an active benzoyl radical fragment 
and another fragment. The active species formed here not always initiate 
polymerization for compounds containing carbonyl group. After excitation of 
carbonyl group only Norrish Type I fargmentation formates the radicals which are 
appropriate for initiating polymerization [59]. Another type of photoreaction is 
known as Norrish Type II reaction which is not able to initiate polymerization. 
Therefore, the important thing is choosing right process for high efficiency in Type I 
photoiniating system. The benzoyl radical is the major initiating species, while, in 
some instances, the other fragment may also contribute to the initiation [60]. The 
majority of Type I photoinitiators are aromatic carbonyl compounds with appropriate 
substituents. Benzoin ether derivatives, benzil ketals, hydroxylalkylphenones, α-
aminoketones and acylphosphine oxides are the most efficient ones (Table 2.1) [61, 
62].  
 
 
 
 
 
9 
Table 2.1 : Structures of typical Type I radical photoinitiators. 
Photoinitiators Structure λmax (nm) 
Benzyl oximes 
 
 
 
335 
Acylphosphine Oxides 
 
380 
Aminoalkyl phenones 
 
 
320 
 
2.2.1.3 Type II photoinitiators (bimolecular photoinitiator systems) 
In this type of photoinitiator system the exciated state certain molecules which 
absorb light do not undergo a fragmentation reaction. Because their bond 
dissociation energy is higher than their excitation energy.  
 (2.4) 
   (2.5) 
This system uses two molecular species to generate the propagating radical in a 
bimolecular reaction: a photoinitiator which absorbs the light and a coinitiator which 
function as a hydrogen or electron donor hence they are called as bimolecular 
photoinitiators (2.4). In this stuation, radical formation follows second order kinetics 
(2.5). In these systems, photons are absorbed in the near UV and visible wavelengths. 
Here two distinct pathways are used to produce free radical active centers they 
known as hydrogen abstraction and photo-induced electron transfer process. 
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Hydrogen abstraction from a suitable hydrogen donor 
Some excited state carbonyl coumpounds such as diaryl ketones use biomolecular 
process to formate radicals for initiating polymerizations [59]. In the case, 
diarylketones in their excited state are expressed as hydrogen abstractors. Most of 
time,the hydrogen is transferred from an amine or alcohol which contains a 
transferable hydrogen, diaryl ketone employed as a hydrogen abstractor to produce 
an initiating species and radicals (Figure 2.3).  
The radical obtained from the donor is not able to efficiently initiate the 
polymerization becuse it react with another radical species in the system. The reason 
of bulkiness, the delocalization of the unpaired electrons, or both ketyl radicals 
orginating from aromatic carbonyl compound are usually not reactive toward vinyl 
monomers as illustriated in the example of benzophenone in reaction 2.14. 
 
Figure 2.3 : Formation of initiating radicals from photolysis of Type II photoinitiator 
in the presence of suitable hydrogen donor. 
Photoinduced electron transfer reactions and subsequent fragmentation 
Photoinduced electron transfer is a more general process, which is not limited to a 
certain class of compounds and is more important as an initiation reaction 
comprising the majority of bimolecular photoinitiating systems. The photoexcited 
compounds (sensitizer) can act as either an electron donor with the coinitiator as an 
electron acceptor or vice-versa. The radical ions obtained after the photoinduced 
electron transfer can generally undergo fragmentation to yield initiating radicals (2.6-
2.8). 
 
(2.6) 
(2.7) 
(2.8) 
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Table 2.2 : Structures of typical Type II radical photoinitiators 
Photoinitiator Structure λmax (nm) 
Benzophenones 
 
335 
Thioxanthones 
 
390 
Coumarins 
 
370 
Benzils 
 
340 
 
Electron transfer is often observed for aromatic ketone/amine pairs and always with 
dye/coinitiator systems. Dyes comprise a large fraction of visible light photoinitiators 
because their excited electronic states are more easily attained. Co-initiators, such as 
tertiary amines, iodonium salts, triazines, or hexaarylbisimidazoles, are required 
since dye photochemistry entails either a photo-reduction or photo-oxidation 
mechanism. 
2.2.1.4 Monomers 
On the basis of unsaturated monomers, which contain a carbon–carbon double bond 
(C=C), are widely used in UV curable radical initiated photopolymerizations. In free 
radical photopolymerization before the free-radical active center reacts with the 
monomer by opening the C=C bond and then this monomer is added to the growing 
polymer chain. In ionic polymerization most of the monomers are not neutral and 
reguires electron-donating or electron-withdrawing substituents to delocalize the 
charge on the propagating center. Unlike to ionic polymerization, in free radical 
photopolymerization, most unsaturated monomers are able to go through radical 
polymerization because free-radical species are neutral and do not require 
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delocalization of charge. The final properties of polymers which are produced by 
photopolymerization depends on reactivity of monomers hence commercial 
consideration is concentrate on formulation development. Acrylate and methacrylate 
monomers are by far most widely used in free-radical photopolymerization 
processes. The generalized structure of these monomers is shown in Table 2.6. 
Although methacrylate is less reactive and less faster  than other acrylate compounds, 
it is more preffered due to their less toxic and less dangerous properties [63]. 
Multiacrylates increase the mechanical strength and solvent resistance of the ultimate 
polymer by generating cross-linked networks rather than linear polymer chains, 
whereas monoacrylates reduce the viscosity of the prepolymer mixture for ease of 
processing [30, 63]. One of the handicaps of acrylate and methacrylate systems is 
their relatively large polymerization shrinkage. Shrinkage is caused by the formation 
of covalent bonds between monomer molecules. When a covalent bond is formed 
between two monomer molecules, the distance between them is approximately half 
as much as that between two molecules experiencing van der Waal’s forces in 
solution. By the time using metharcylate monomer especially in applications such as 
stereo lithography, dentistry, and coatings, this handicap causes stresses in the 
polymer parts, so their final performance will be altered by it. In order to overcome 
this disadvantage oligomeric acrylates should be developed. These oligomers contain 
1 to 12 repeat units formed through step-growth polymerization; the ends are then 
capped with two or more (meth) acrylate functional groups. 
Diallyldiglycolcarbonate has been used for many years in optical components such as 
lenses [64]. Acrylamide is used in stereo lithography and to prepare holographic 
materials [65, 66]. N-vinylpyrrolidinone is copolymerized with acrylates and 
methacrylates for cosmetic and biomedical applications [67]. Norbornene is 
copolymerized with thiols for obtaning optical fiber coatings [68]. 
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Table 2.3 : Chemical structures of some monomers which are polymerizable by free 
radical polymerization. 
Monomers Structure 
Methyl acrylate, Ethyl 
acrylate, Butyl acrylate, 2-
Hydroxyethyl acrylate, 2- 
Ethylhexyl acrylate 
 
1,4-Butanediol diacrylate, 
Neopentyl glycol diacrylate, 
1,6-Hexanediol diacrylate, 
1,10-Decamethylene diol 
diacrylate,Diethylene glycol 
diacrylate,   
 
 
 
Glycerol triacrylate 
Trimethylolethane 
triacrylate 
Trimethylolpropane 
triacrylate 
Pentaerythritol triacrylat 
 
Pentaerythritol tetraacrylate 
 
Epoxy acrylates 
 
Urethane acrylates 
 
Polyester acrylates 
 
Polyether acrylates 
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2.3 Photochemistry of Dimanganese Decacarbonyl 
The identification and characterization of photochemistry of organotransition metal 
complexes by using photochemical routes has been an atractive study during last 
decades. One important reason of it in recent years, especially envorimentally 
friendly applications are taken an interest  in polymerization strategies. 
Consequently, to overcome some disadvantages such as high material cost, require 
high energy and solvent during polymerization, lead to studies of 
photopolymerization systems. Hovewer, even this system has not enough efficient 
photoinitiators which are able to react in the low energy light exhaled by light 
sources. This type of photoinitiators are able to generate active centers under 
irridation by visible light and do not need any type of other light sources for carrying 
out polymerization. 
In this sense the initiation of a photopolymerization by metal-metal containing 
compounds are started to use especially dimanganese decacarbonyl [Mn2(CO)10] 
metal complex. This has an important applications due to provide many advantages 
since it photolysis easily upon sunlight irradiation to give intermediates that abstracts 
halogenides to produce radical centers. This type of initiation usually follows rules of 
redox process. During the redox reaction, active species such as free radicals, which 
are in charge of starting polymerization, are produced as a transient intermadiate. 
The photochemical initiaton of the transition metal carbonyls have two different 
pathways with a coinitiator were affirmed. Both of these system need a coinitiator. In 
type one initiation system, the coinitiator has to be an organic halide but in contrast, 
type 2 initiation system is capable of using with a appropriate olefein or acetylene 
Dinuclear manganese carbonyl complex which readily undergoes both 
photochemically and thermally decomposition of metal-metal bond to form highly 
reactive metal-centered radicals, is especially most studied metal derivative for this 
purpose and provides many advantages for photopolymerization process because it 
absorbs light at rather long wawelenghts. This metod involves an electron transfer 
process by irradition of organohalide in the presence of metal-carbonyl complexes. It 
is reported that Mn2(CO)10 can be easily photolyzed via a-a* transition to induce the 
redox -photosentisized reaction with alkyl halide. For practical application it should 
be better using minimum halide concentration . The reactivity of halide change with 
the electron-withdrawing group and increases with multiple substition in order to 
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CH3CI>CH2CI2>CHCI3>CCI4. The most effective organohalide compounds are 
Bromine compounds and saturated F and I compounds are ineffective. According to 
Bamford studies Mn2(CO)10 was decomposited by thermally and photochemically in 
the presence of CCI4 led to free radical polymerization of methyl mthacrylate. 
 
Figure 2.4 : Chemical structure of Dimanganese decacarbonyl. 
 
Figure 2.5 : Decomposition of dimanganese decacarbonyl in the presence of alkyl 
halide by visible light initiation. 
Various monomers such as styrene and methacrylate were polymerized at medium 
temperature with the system of Mn2(CO)10, which is used as a photoinitiator. Several 
polymerization such as anionic polymerization, group transfer polymerization, metal 
carbonyl initiation, chain transfer reaction, condesation reaction and functional 
initiator studies have been applied if halide functinality is preffered by using metal 
carbonyl photoinitiators. Also block copolimer has been succesfully synthesized with 
the help of this systems [11]. For instance in a one study Kamigaito and coworkers in 
bulk or fluoroalcohols using dimanganese complex [Mn2(CO)10] in conjunction with 
an alkyl iodide (R-I) as an initiator under weak visible light. The dimanganese 
complex induced the controlled/ living radical polymerization of vinyl acetate even 
in the fluoroalcohols without any loss of activity [41] and Yagci studied in a one 
report the cationic polymerization of cyclohexene oxide on photolysis of Mn2(CO)10 
in halogenated solvents, in combination with an onium salt, which resulted in a new 
method for initiating cationic polymerization, and in another study they reported 
synthesis of block copolymers by combination of atom transfer Radical 
polymerization and visible light-ınduced free radical promoted cationic 
polymerization again in the presence of Mn2(CO)10 (Figure 2.6) [55, 69]. 
 
16 
 
Figure 2.6 : Synthesis of styrene-methylmethacrylate blockcopolymers in the 
presence of Mn2(CO)10 by visible light initiation. 
Mn2(CO)10 was decomposited by thermally in the presence of a variety of organic 
halides including C6H5CH2Br, Me2C(Br)-CO2Et, BrCH2C(Br)=CH2, and 
ClCH2C(Cl)=CH2 in toluene at 60-90 
o
C led to free radical polymerization of methyl 
mthacrylate [34]. 
 
Figure 2.7 : Thermolysis process of dimanganese decacarbonyl. 
As a result of these applications, various macromolecular architectures can 
successfully be synthesized in the presence of the highly active, photoresponsive and 
thermoresponsive dimanganese decacarbonyl with alkyl halide complexes. 
2.4 Branched Polymers 
Over the last 30 years branched polymers have a significant attention because of the 
their availabale featuares. The developments of branched polymers have started by 
the consideration of them as a side reaction during polymerization and when 
architecture is formed they considered as a starting step in the polymerization. By the 
consideration of these two important inferences, the concept of “polymer 
architectures”, are understood with the help of new forming star -and graft- branched 
structures in 1980 and then in 1990. Nowadays, the important of branched polymers 
are in sight obviously in the field of design of macromolecules and functional 
materials [6]. Polymers which have branched architectures are more dense, complex 
and have different phisical an chemical properties than their linear analogous because 
they have branch points which connect more than one chain segments to each other. 
The phisical and chemical properties of branched polymers are effected in order to 
changing number of chain ends and the differantiate characteristics of repeating 
units. For example due to the having and increasing segment density they show 
lower solution behaviour such as having low melting and solution viscosity [70]. 
Types of branched polymers consist of dendrimers, star polymers, brush poymers, 
17 
dendrigraft polymers and hyperbranched polymers and all of these polymers are 
classified based on their chain lenght. As an example if polymers in which several 
linear polymer chains are attached to only one branching point it is namelly termed 
as “star polymers”. This type of polymers contain same of different arms which 
connect to the core and every arms have the same molecular weight [71]. A lot of 
methods were studied about the synthesis of star polymers but in recent years studies 
focused on addition polymerization as in published reports of Hadjichristidis. 
Additionally, if the polymer archtitectures have different repeating units from the 
main chain it is called as “graft copolymers”. If the polymer chain has one long 
branch for each repeating units it is named as “ comb polymers” and if the repeating 
units are well defined this polymers termed as regular and they are usually 
monodisperse. They can not have functionality more than 3 or 4 [71].Besides from 
these polymers “dendrimers and hyperbranched polymers” also are known as 
branched polymers.They are aasummed as a special class of star polymers because of 
the providing further branching and multifunctionality. Dendrimers are usually 
repetitivily branched macromolecules and always is said to be regular. 
Hyperbranched polymers are also shows branch polymers characteristics. Unlike to 
dendrimers they show irregular growth with the same features as dendrimes. 
For the synthesizing branched polymers a lot of techniques were studied and reported 
but, the most studied one is living controlled polymerization methods such as free 
radical polymerization, anionic and cationic polymerization [6]. 
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Table 2.4 : Types of branched polymers. 
Type of Branched 
Polymers 
Structure 
Branched Polymer 
 
 
Star Polymer 
 
 
 
Comb Polymer 
 
Hyperbranched Polymer 
 
 
Dendrigraft Polymer 
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     Table 2.4 (contiuned) 
Type of Branched Polymers Structure 
Dendrimer 
 
 
2.4.1 Dendrimers a major new class of macromolecular structures 
The term of dentritic macromoleculas were used to identify regularly branched 
polymers, in this structure all bonds combine in a single point, each repeat unit 
include a branch intersection, and have a lot of functional groups which are stand at 
the chain ends. This term was first coined by Tomalia who tried to describe 
poly(amidoamines) which show regular branched structural properties [72]. Dendritic 
macromoleculas are studied in the polymer field in all areas such as containing 
theorical traetment of them, characterization of architectures, searching methods for 
obtaining them in good properties and look into for potential applications [16]. This 
potential applications includes that coatings, chemical sensors, catalytic 
nanoreactors, drug delivery systems, liquid crystalline dendrimers, nanofabrication 
and molecular electronics [73, 74]. In literature a broad varieties of report about 
dendrimers have been presented, such as preparation of polyamidoamine (PAMAM), 
poly(propyl imine)(DAB-dendr-NH2), polyethers, polyesters, poly(esteramides), 
poly(ether amides), polyalkanes, polyphenylenes, poly(phenylacetylenes), 
polysilanes, phosphorus dendrimers and others [75-77]. Numerous synthetic strategy 
has been reported about dendrimers which have high regularity in each repeating 
units, controlled molecular weight structure and included polyfunctional central core. 
These synthetic aproaches can be divided in to two main categories such as divergent 
approach (from the inside out) [78, 79] and convergent approach (from the outside 
in) [80] and with the help of these aproaches dendrimers are synthesized by step by 
step squences. The PAMAM dendrimers were prepared by the divergent approaches 
with the help of some iterative steps such as alkylation with methyl methacrylate 
followed by amidation with excess ethylenediamine to produce generations 3-7 [81]. 
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Altough dendrimers exploration shows rapid growth, the synthetic processes of them 
have some laborious and time-consuming steps of activation or protection of 
monomers, condensation reactions, and purification by chromatographic separations. 
Number of studies have been reported for reducing step by step synthesis time and 
obtaining dendrimers with high yield and multifunctionalities. These studies include 
especially a double-stage convergent growth approach [82] a hypercore or branched 
monomer approach [83], double-exponential dendrimer growth [84], and orthogonal 
coupling strategies [85]. The hypercores and hypermonomers approaches was first 
demonstrated by Frechet [85, 86] for utilizing pre-branched oligomers which can 
then quickly connected with together to form dendrimers with higher yields in less 
steps than the other strategies. In addition to Frechet works,  nowadays, Zeng and 
Zimmerman [85] studied about orthogonal coupling strategy with the same purpose 
as Frechet. According to their reports, the sixth generation dendrimer formed from 
polyphenylacetylene bonded with polyesters was prepared in fewer steps and less 
chromotographic purifications by the utilizing of the Mitunobu esterification reaction 
[87] or the Sonogashira reaction [88]. In both strategies step-by-step synthetic 
approaches quantitative coupling reactions need for building dendrimers which have 
high rate of generation. In divergent approaches dendrimers can be prepared from the 
multifuntional core and its growth enlarged by a lot of reactions which are known as 
Micheal reaction. One of the disadvantage of this approaches is having small 
differences in size and polarity between branches hence purification of them from 
perfrect dendrimers is not possible. On the other hand in convergent approaches, 
dendrimer, are obtained with the help of small molecules which attached to core. 
Dendrimers which prepared by the convergent appraches are more monodisperse for 
providing a significantly greater degree of control. Unlike to divergent approaches, 
convergent approaches are not able to synthesized large number of steps for each 
generation growth because of the steric effect between the small molecules [16, 72, 
89]. The structure of a dendrimers consist from a central core, which behaved as a 
bridge to connect a number of layers, or internal building blocks. However because 
of the branching geometry of the internal building blocks, does not allow a 
dendrimer to accept a straight structure. Moreover they have a globular shape and 
highly symmetrical structure which generate during the distinct synthetic approaches 
[72]. 
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2.4.2 Hyperbranched polymers 
Hyperbranched polymers are considered coming from the same family with 
dendrimers. Many of the previous studies of hyperbranched polymers were about to 
the synthesis of dendrimers but during last decades these studies have change 
direction towards hyperbranched polymers and their relative properties. 
Hyperbranched polymers have attained distinctive attention from both academia and 
industry because of their unique properties such as low melting viscosity and good 
solubility [1, 2]. These interesting properties proceed from the archtitecture like 
having different multi functional groups [3, 4]. Due to the their phisical and chemical 
properties, hyperbranched polymers have variety of pottential applications in the 
field of drug delivery, coatings, nano tehcnology, supramoleculaer science and 
additives [5]. 
These highly branched polymers have attracted much industrial attention and have 
been made marketable for several applications. One of the potential applications are 
using hyperbranched polymers as polymer additives for linear polymers in order to 
increase thermal stability and rheology for surface modification [90, 91]. Another use 
of those is a base for coatings and resin productions [92, 93]. Besides these 
applications of hyperbranched polymers, they makes avaliable some new changes for 
nanotechnology applications depend on specific functional units and molecular 
formations, e.g., as in thin films in sensor devices and diagnostics, as porogens for 
nanofoams, and as carriers for special additives, catalytic species, and therapeutics 
[5, 6] . 
The highly branched polymers are generated by polymerization of ABx monomers 
(where x>2). These perfectly branched polymers as dendrimers consist repetitive 
synthetic paths. As a result of this, the synthesis of dendrimers have some 
disadvantages in practical applications as requirement of labour and need 
prufications steps. As a consequence of these disadvantages, more effecive process to 
obtain of irregular branched polymers which are not require more complex multi-step 
synthetic process have been investigated. Although, perfectly regular structures 
known as dendrimers have controlled molecular weight, the hyperbranched polymers 
have polydispers characteristics both in terms of molecular weight characteristics and 
their branching factors. Dendrimers are synthesized step by step via convergent and 
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divergent approaches in constrat to this hyperbranched polymers have been prepared 
by one pot reactions which includes the self-condensation of AB2 monomers. 
The synthesis of hyperbranched polymers can be classified into three main methods 
(i) step-growth polycondensation of ABx and A2+B3 monomers, (ii) self-condensing 
vinyl polymerisation of AB* monomers and (iii) multi-branching ring-opening 
polymerisation of latent ABx monomers [16-19]. Hyperbranched architectures have 
been obtained efficiently in a large extent by benefit from these polymerisation 
strategies, containing polyesters, polyamides, polycarbonates and polyurethanes [17]. 
In the 1940s, Flory upgraded ‘the degree of branching ‘ and ‘highly branched 
species‘ terms by using [94-97] statistical mechanics to figüre out the molecular 
weight distribution of three-dimensional polymers with multifunctional branching 
units during gelation. However, all of these studies are being founded on 
polycondensation of bifunctional A2 monomer with trifunctional B3 monomers, 
because of that gelation takes place when the degree of polymerization gets closer to 
the critical condition. After that the theory of synthesis hyperbranched polymers 
without gelation by polycondensation of a monomer which contains one A functional 
group and two or more B functional group and B is responsible from the 
polymerization by reacting with A was reported at Flory’s studies in 1952 [94].When 
Kim and Webster consciously synthesized highly branched polymers with excellent 
solubility , the term of ‘hyperbranched polymers’ was first used in 1988 [97, 98].  
2.4.3 Synthesis of hyperbranched polymers 
Until this time, hyperbranched polymers have been synthesized by some synthetic 
methods which can be divided into two main classes. The first category is named as 
single-monomer methodology (SMM) [11], in this techniques hyperbranched 
structures are prepared by polymerization of ABn monomers.  In accordance with the 
synthesis process, the SMM category is seperated four different specific approaches: 
(i) polycondensation of ABn monomers; (ii) self-condensing vinyl polymerization 
(SCVP); (iii) self-condensing ring-opening polymerization (SCROP); (iv) proton-
transfer polymerization (PTP). 
The second category is known as double monomer methodology (DMM) [11] in this 
system hyperbranched polymers are generated by direct polymerization of two types 
of different monomers or a monomer couple. 
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2.4.3.1 SMM—polycondensation of AB2 monomers 
According to this strategy, hyperbranched polymers are synthesized by 
polymerization of ABx (which x>2) monomer in a one step polycondensation.  
  
 
 
 
Figure 2.8 : Structure of typical AB2 type monomers. 
This system has some advantages and disadvantages. One of the important advantage 
of this that polymerization is carried on with normal step growth polymerization 
characteristic. The main disadvantages are occuring side reactions such as cross-
linking and needing prufications steps because of forming gelation. Eventhough step-
growth polycondensation path has some disadvantages, hyperbranched polymers 
which have many functionalities can be prepared in a broad range via one-step 
polycondensation of ABn type monomers such as hyperbranched polyphenylenes 
[97, 98], polyethers [99, 100], polyesters [2, 99, 101], polyamides [100, 102], and 
polycarbonates [103]. As well, hyperbranched polyurethanes, polycarbosilanes, 
polyamides and poly(acetophenone) can be procured thanks to the polyaddition of 
ABn monomers. By controlling the branching point, some monomers which have 
more than three B units are used to produce hyperbranched polymers [103, 104]. 
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Figure 2.9 : Schematic representation of hyperbranched polymer constructed by the 
homopolymerisation of AB2 type monomers. 
2.4.3.2 SMM—self condensing vinyl polymerization 
Self condensing vinyl polymerization was decribed by Frechet and coworkers in 
1995 [105] whereby to synthesize hyperbranched polymers with a whole carbon 
backbone from a cationic polymeryzation by using functional AB vinyl monomers. 
In the method involved by Frechet, the vinyl monomer named as 3-[(1-
chloroethyl)ethenyl]benzene was polymerized cationically in the presence of SnCl4 
[106]. In the reaction, the vinyl gruop acts as the difunctional B groups of the AB 
monomers and are activated to generate the initiating B*sites. B* initiates the 
propagation of the vinyl group A in the monomer, A act as an additional alkyl halide 
gruop for forming a dimer with a vinyl group, a growth site, and an initiating site. 
The dimer which is formed by propagation of vinyl gruop, can react as an AB2 
monomer, and go through for further polymerization to produce the hyperbranched 
polymer.  The main pre-condition of this reaction for handling a multi functional and 
multi branching polymerization is reversible termination step, in which all B gruops 
present in the system are activated by intra and inter molecular transfer of the active 
propagation sites. The increment of potential propagation sides are provided with 
increasing deggre of polymerization thanks to the efficient intra and inter- molecular 
transfers [107]. The degree of branching (DB) of hyperbranched polymers which are 
ontained by SCVP is different from polycondensation of AB2 monomers.  
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Figure 2.10 : Schematic representation of a hyperbranched polymer constructed by 
Self condensing vinyl polymerization. 
This stuation occurs in SCVP when the activities of chain propagation of the growth 
sites and the initiating sites differ from each other. As a result of this polymerization, 
SCVP shows lower degree of branching properties if compared to the 
polycondensation polymerization. Despite of having lower DB, SCVP has some 
disadvantages such as the gelation proceed from side reactions, not having narrow 
molecular weight distribution, some difficulties during determination of the DB by 
NMR analysis. SCVP is performed with others living free radical procedurs such as 
atom transfer radical polymerization (ATRP) and group transfer polymerization 
(GTP) in order to prevent crosslinking, gelation and to provide controlling chain ends 
and molecular wight distirubition [108-110]. For this purpose a lot of studies were 
reported such as Hawker and coworkers investigated to synthesis of hyperbranched 
polystyrenes by using TEMPO initiated living free radical polymerization strategies. 
[25].  
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Table 2.5 : The monomers used in SCVP and the polymerization types which are 
performed with SCVP 
Types of Polymerization Monomer structure 
Bulk Polymerization (130
o
C) 
 
Anionic and Cationic 
Polymerization (SnCl4 
Bu4N
+
Br
- 
20 to 15 
o
C) 
 
 
Photopolymerization (UV light 
at 20 
o
C) 
 
Copolymerization (at 50 
o
C for 
24 h) 
 
ATRP (24 
o
C for 26 h in 
benzene) 
 
Group Transfer Polymerization 
(at 25 
o
C ) 
 
In other works, Krzysztof Matyjaszewski reported that synthesis of hyperbranched 
polystyrene by using metal catalyzed free radical polymerization which is known as 
atom transfer radical polymerization [19] and Mueller also studied to prepare 
hyperbranched methacrylate with the help of group transfer polymerization (GTP) 
routes [8, 26]. As a result of highly branching hyperbranched structure, this type of 
polymer are not analyzed by NMR, therefore, indirect methods, such as, viscosity 
measurements and light scattering methods are usefull for this purpose. A great deal 
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of funtional polymers can be synthesized by using SCVP methods, for example 
polystyren, poly(methacrylate)s and poly(acrylate)s [16]. 
2.4.3.3 SMM-self-condensing ring-opening polymerization 
Hyperbranched polyamines, polyesters and polyethers can be obtained with the help 
of this system. This multi-branching ring-opening polymerisation of latent ABx 
monomers was first investigated and reported by Suzuki [28]. This system occurs 
from the reaction of latent ABx monomers which is not characteristic branching 
units––with the help of the propagation during the reaction, branch points are 
formed. According to Suzuki’s studyies hyperbranched polyamines were prepared by 
ring opening polymerization of a cyclic carbamate which was catalysed by the 
palladium [28]. In the synthesis of hyperbranched polyamines, 5,5-dimethyl-6-
ethenylperhydro-1,3-oxazin-2-one were  used as ABx monomer,  were benefit from  
bis-(dibenzylideneacetone)palladium (Pd(dba)2) as catalyst and as an end bis 
(diphenylphosphino)ethane (dppe) was used as a ligand [28]. The synthesizing of 
hyperbranched polyamines’s reaction mechanism starts with attack of the initiating 
species of the primary amine onto the electrophilic site of the p-allyl palladium 
complex for generating a diamine. 
In addition to the synthesis of hyperbranched polyamines, hyperbranched polyester 
and polyethers were synthesized by using of multi-branching ring-opening 
polymerisation. Frey and co workers were published first paper about using glycidol 
as the latent AB2 monomer in 1999 [27]. In this study hyperbranched polyglycerols 
were produced by anionic ring-opening polymerisation of glycidol. In order to avoid 
cyclisation and higher polydisperties and providing to develop control of molecular 
weights, the ABx monomer was added slowly to the reaction mixture. As such in this 
study, Hult and coworkers reported synthesis of hyperbranched aliphatic polyesters 
with the lower polydispersities by cationic ring-opening polymerisation of 3-ethyl-3-
(hydroxymethyl)oxetane [29]. In this approach, polymerization was performed in 
bulk at 120
o
C by using a thermal initiator. 
With the same purposes, for synthesizing hyperbranched polyethers by using a ring-
opening polymerisation approach firstly intensified polymerization of e –
caprolactone which was used as a latent ABX monomer [111]. 
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Figure 2.11 : Monomer structure for ring opening polymerization. 
 
 
Figure 2.12 : Schematic representation of a hyperbranched polymer constructed by 
Ring opening polymerization.  
2.4.3.4 Proton-transfer polymerizations 
In recent years, proton transfer polymerization is reported as adaptable process to 
prepare hyperbranched polymer by Frechet and Chang [112]. According to this 
concept, monomers which are used in polymerization should be AB2 type monomer 
and including an acidic proton. By reason of being an acid base controlled reaction,  
the acidity and basicity of the monomers are very important in this route. In this 
system A acts as an initiator and abstract an unstable H from the monomer to 
generate a reactive species. This active nucleophilic species join to the B gruop of 
monomer for giving an anionic side from the dimer. The active nucleophilic species 
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are more reactive than the anionic side which is formed from the B gruop so anionic 
side takes a proton from the monomer rather than making a nucleophilic addition. 
With the help of this process a new nucleophil and an inactive dimer are obtained. 
The polymerization procedure follows this route and finally hyperbranched polymers 
can be produced. 
 
Figure 2.13 : Proton-transfer polymerisation of a AB2 monomer to produce and 
epoxy functional hyperbranched poly(hydroxyether). 
2.4.3.5 DMM-polymerization of two types of monomers 
Double monomer methodolgy stand on polymerization of different monomer pairs 
which generate hyperbranched polymers. DMM can be seperated in to two major 
categories. Well defined one of them is known as A2+B3 methodolgy and it includes 
polycondensation of A2 and B3 monomers. 
This strategy was first used consciously via polycondensation of diamine and 
trimesic acid with the purpose of synthesis soluable hyperbranched polyamine in 
polar solvent by Kakimoto and co-workers [113]. Morover Voit and co-workers 
reported with another study synthesis of aromatic hyperbranched polyamides by 
direct polycondensation of p-phenylene diamine and trimesic acid monomers [114]. 
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A2 Type Monomer B3 Type Monomers 
  
Figure 2.14 : Monomer structure of A2 and B3 type monomers. 
In constrat to these two workouts, aliphatic hyperbranched polycarbonates and ureas 
was studied by Rannard. According to these studies to prepare hyperbranched 
polycarbonates, a triol was used as a B3 monomer and to obtain branched polyureas 
were utilized from triamine as a B3 monomer [115]. 
Besides these easy synthesis methods, A2+B3 methodolgy has some handicaps during 
the polycondensation of selected monomers. One of the most important drawback is 
gelation and the other one is obtaining insoluble branched architectures. Terefore, 
there are a lot of studies about overcome to gelation, such as to obtain soluble 
hyperbranched polymers by stopping the polymerization during the precipitation and 
another way to avoid geletaion is using special catalyst and condensation agents [17].  
 
Figure 2.15 : Schematic representation of a hyperbranched polymer constructed by 
polycondensation of A2 and B3 type monomers. 
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2.4.4 Properties of hyperbranched polymers 
Hyperbranched polymers have special properties which is especially provides 
advantages during their industrial applications. One of the most important phisical 
properties are having lower solution viscosity if compared their analogues which 
have identical moleculer weight. This type of macromolecules in solution reach a 
maximum of intrinsic viscosity as a function of molecular weight as their shape 
changes from an extended to a more compact globular structure, especially at high 
molecular weights.The intrinsic viscosity of hyperbranched polymers are effected by 
the degree of branching according to this any incresement of the branching degree 
causes lower solution viscosity, so the solubility of hyperbranched polymers can 
show an alteration in various media [17]. 
The other important propersties are having globular structure different from 
dendrimers. Because dendrimers have spherical conformations which is determined 
by the X-ray and small-angle neutron scattering experiments. 
When hyperbranched polymers are investigated from the side of thermal properties, 
they show amorphous properties. Beside this amorphous properties, the glass 
transition temperature (Tg) of them having an important attention especially in 
potential application such as coatings and reheology modifiers. Recently a number of 
studies were published about thermal properties of hyperbranched polymers and their 
Tg values.In these studies most emphasized things are the chemical nature of the 
large number of terminal groups which strongly affects the glass transition 
temperature [5]. For example in dendritic macromolecules, an increasing in the 
number of end-groups causes a reducing in the glass transition temperature, but at the 
same time Tg is increased by an increasing number of branch point and the polarity 
of end group. Different from the dentritic macromolecules, the Tg values of 
hyperbranched polymers are independent from the architecture but depend on 
especially end groups functionalities and characteristics.  
Mechanical and rheological properties of hyperbranched polymers are depend on 
their globular architecture. If the hyperbranched polymers have lower chain 
entanglements they show poor mechanical properties which means they are not able 
to use as thermoplastics or their use has some limits. In constrat to this if 
hyperbranched polymers have some intermolecular relations, such as hydrogen 
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bonding, which provide connections between the hyperbranched macromolecules 
and increase mechanical and rheological properties [72]. 
2.5 Inimers 
Inimer is abridgement for initiator-monomer which can act as a monomer and an 
initiator in a polymerization reaction such as in copolymerization. These types of 
materials are used especially with Self Condensing Vinyl Polymerization process 
becuse of having difunctional possess both a vinyl group and initiating site. A inimer 
is determined as a special kind of vinyl monomers which containing a pendant group 
that can be converted into an initiating moiety. They are descried as AB* type 
molecules, where A stands for a double bond and B* represents an initiating group. 
First the initiating group is activated and then reacted with a double bond to form a 
covalent bond. Afterwards, a new active side on the second carbon of the double 
bond is assited to form hyperbranched polymers. The reactivity of inimers depend on 
the content of vinyl groups. If the number of vinyl groups is decreased, the inimers 
act less reactive than first condition. 
Recently, in order to synthesis of a great number of polymer researchers utilized 
from the inimers with the aim of preparing functional branched polymers in a one 
step. For this reason monomers which have inimers properties are used in a variety of 
polymerization methods at different reaction conditions such as atom transfer radical 
polymerization [19, 23], copolymerization[116, 117], photopolymerization [118], 
bulk polymerization [25] and grup transfer polymerization [109, 110]. In addition to 
provide synthesis of polymers in a one step, with a high degree of branching can be 
obtained by SCVP using AB* monomers which means inimers.  
A great number of studied has been published about preparing branched polymers 
with high functionality by using inimer chemistry for example Matyjaszewski and 
coworkers reported that synthesis of branched and hyperbranched polystyrenes in the 
presence of chloromethyl styrene as an inimer by ATRP [19], Hawker and coworkers 
utilized from the chloromethyl styrene as an inimer for preparation of hyperbranched 
and star polymers by a living, self-condensing free radical polymerization [25], 
Fischer and coworkers publised that amphiphilic graft copolymers and 
hyperbranched polymers based on (3 vinylphenyl)azomethylmalonodinitrile [119], in 
another report Simon and coworkers were studied  synthesis of hyperbranched 
methacrylates by self-condensing group transfer polymerization, inimers were used 
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again [109, 110] and finally Coleen and co workers tried to synthesized 
hyperbranched polyacrylates with the help of chloroinimer approach [120]. 
All these works show that, utilizing from the chemistry of inimers, branched 
polymers with some desirable properties for instance having hydrophobic or 
hydrophilic characteristics, oxygen permeable or nonoxygen permeable, including 
low viscosity and a large number of reactive end groups which can be modified to 
impart additional functionality and properties, can be produced. 
Table 2.6 : Self condensing vinyl polymerizable inimer structures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Inimers Structure 
BIEM(2-(2-
bromoisobutyryloxy)ethyl 
methacrylate) 
 
VBDC (4-vinylbenzyl N,N-  
diethyldithiocarbamate) 
 
 
BPEA (2-((2-
bromopropionyl)oxy)ethyl 
acrylate)  
CMS (p-
chloromethylstyrene) 
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2.6 Click Chemistry 
The methodoly of ‘‘click chemistry’’ was first studies by Sharpless and coworkers 
[121, 122] in 2001. According to their report click chemistry is a new class of 
efficient reactions for modification of polymers in high selectivity, in less reaction 
time and with high yield. In addition to these advantages click reactions provide 
opportunity to form the carbon heteroatom bond in a high yield without occuring of 
side reactions, it does not need any additional purification steps and work under any 
under simple conditions such as at ambient temperature and humidity under an air 
atmosphere. Click reactions have particullary signifacant attention in preparative 
methods because of high conversion of functional groups is attractive in this methods 
[123]. The click reaction has attracted important attention as powerful modular 
synthesis approach, which has found numerous applications in organic chemistry, 
supramolecular chemistry, drug discovery, bioconjugation and molecular biology 
and nanoelectronics [121, 122]. 
The “click”reactions cab be classified in three categories which are used commonly:  
• Copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC) 
• Diels-Alder (DA) cycloaddition reactions 
• Thiol-ene reactions 
2.6.1 Copper-catalyzed azide-alkyne cycloadditions 
Click reactions occur between terminal acetylenes and azides by means of metal 
catalyst at room temperature [121, 124] with using routes of Huisgen 1, 3 dipolar 
cycloaddition reactions.  
According to reports about metal catalyzed azide-alkyne cycloadditions reactions, 
number of special metals are  used as a catalyst such as Ru, Ni, Pt, Pd and especially 
Cu (I) species [125, 126]. The Cu-catalyzed azide–alkyne 1,3-dipolar cycloaddition 
(CuAAC) are most preferable since to provide accelerates the reaction of azides with 
terminal alkynes (Figure 2.16) and insensitive the reactions conditions, end up with 
the quantitative high yield [122, 125] and the reaction is not effected by the groups 
which are attached to the azide and alkyne reactive centers. 
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Figure 2.16 : Azide/alkyne cycloaddition type click reactions. 
There are a lot of reagents which were studied and known as suitable for click 
reactions, for example, azides carrying a primary, secondary, or tertiary group; 
electron-deficient or electron-rich group; and aliphatic, aromatic, or heteroaromatic 
substituent usually react well with variously substituted terminal alkynes [127]. 
Besides these suitable reagents, some inadaptable reagents are known as shown 
Figure 2.17. 
 
Figure 2.17 : Inadaptable monomers for azide-alkyne type click reactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
36 
 
37 
 
3. EXPERIMENTAL PART 
3.1 Materials and Chemicals 
3.1.1 Monomers 
2-bromo ethyl methacrylate (BEMA, 99%, Aldrich): It was passed through a basic 
alumina column to remove the inhibitor before use.  
Methyl methacrylate (MMA, 99%, Aldrich): It was passed through a basic alumina 
column to remove the inhibitor before use.  
Hydroxyethyl methacrylate (HEMA, 96%, Acros):It was passed through a basic 
alumina column to remove the inhibitor before use.  
3.1.2 Solvents 
Methanol (Technical): It was used for the precipitation of polymers without further 
purification.  
Tetrahydrofuran (THF, 99.8%, J.T.Baker):  
(a) It was used as eluent for chromatography as received (High Performance Liquid 
Chromatography Grade).  
(b) For use in the chemical reactions, it was dried and distilled over 
benzophenone/sodium. 
Chloroform (CHCI3, 99.8%, J.T.Baker): It was used as eluent for chromatography as 
received (High Performance Liquid Chromatography Grade).  
n-Hexane (95%, Aldrich): It was used without further purification for the 
precipitation. 
Diethyl ether (J.T. Baker): It was dried with calcium chloride and distilled over 
sodium wire. It was used for the precipitation. 
Acetone (99%, Carlo Erba): It was used without further purification. 
Dichloromethane (J.T. Baker): It was first washed with conc. sulfuric acid until the 
acid layer remained colorless, and then with water, followed by another washing 
with 5% sodium hydroxide (aq.) and finally with water again. It was dried with 
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calcium chloride and distilled over calcium hydride. It was stored over molecular 
sieves for use as a solvent in the photopolymerization experiments. 
Dimetylformamide (DMF, Aldrich): It was used without further prufication. 
Ethyl acetate (%98 Sigma Aldrich): It was used withouth further prufication for 
coloumn chromotography. 
3.1.3 Other chemicals and reagents 
Dimanganese decacarbonyl (Aldrich): It was purified by sublimation and stored in a 
refrigerator in the dark. 
Sodium azide (Aldrich): It was used without further prufication. 
N, N, N′, N′′, N′′ -Pentamethyldiethylene triamine (PMDETA, Aldrich): PMDETA 
was used as a ligand, was distilled before used. 
Copper bromide (CuBr, 98%, Acros): It was used as received. 
4-pentynoic acide (Aldirch): It was used without further prufication. 
N,N’-dicyclohekzile carbodimide (DCC, Aldrich): It was used without further 
prufication. 
4-dimethylaminopyridine (DMAP, Aldrich): It was used without further prufication. 
Polyethylene glycol mono hidroxy (PEG-OCH3, Mn:2000 g/mol): It was used as 
received. 
Bis (2,4,6-trimethylbenzoyl)phenylphosphine oxide (BAPO, Ciba): Bis (2,4,6 
trimethylbenzoyl)phenylphosphine oxide was used as received for synthesis of 
copolimer. 
3.2 Equipments 
3.2.1 Photoreactor 
Dental LED lamp (Bluephase) supplied by IvoclarVivadent Company. The 
wavelength range is 430–490 nm and maximum light performance is 1110 mW cm-2
±10%. 
3.2.2 Nuclear magnetic resonance spectroscopy (NMR) 
(a) 
1
H NMR measurements were recorded in CDCl3 with Si(CH3)4 as internal 
standard, using a Bruker AC250 (250.133 MHz) instrument.  
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(b) 
1
H NMR measurements were recorded in CDCl3 with Si(CH3)4 as internal 
standard, using Bruker Spectrospin Avance DPX-400 (400 MHz) spectrometer. 
3.2.3 Infrared spectrophotometer (FT-IR) 
FT-IR spectra were recorded on a Perkin Elmer FTIR Spectrum One B spectrometer. 
3.2.4 UV-Visible spectrophotometer 
UV-Visible spectra were recorded on a Shimadzu UV-1601 UV-visible 
spectrophotometer. 
3.2.5 Gel permeation chromatography (GPC) 
Gel-permeation chromatography (GPC) measurements were obtained from a 
Viscotek GPCmax Autosampler system consisting of a pump module (GPCmax, 
Viscotek Corp., Houston, TX, USA), a combined light-scattering (Model 270 Dual 
Detector, Viscotek Corp.), and a refractive index (RI) detector (VE 3580, Viscotek 
Corp.). The lightscattering detector (λ0 = 670 nm) included two scattering angles: 7° 
and 90°. The RI detector  was calibrated with polystyrene standards having narrow 
molecular weight distribution and so the quoted molecular weights of the polymers 
are expressed in terms of polystyrene equivalents. Two columns 7,8 × 300 mm, 
(LT5000L, Mixed, Medium Org and LT3000L, Mixed, Ultra-Low Org) with a guard 
column 4.6 × 10 mm (Viscotek, TGuard) were used for the chloroform eluent at 
35°C (flow rate: 1 mL . min-1). Data were analyzed using Viscotek OmniSEC Omni-
01 software.  
The ratio between Mn,RI and Mn,LS (RMn = Mn,RI/Mn,LS) gives qualitative information 
about the branching density of the polymers since branched structures are more 
compact than linear polymers for a given molecular weight [128]. As can be seen in 
table, the normalized RMn value significantly differs as polymer architecture moves 
from linear (RMn = 1.000) to highly branched architectures (RMn = 0.19). This 
parameter thus indicates a trend of branching density of the synthesized polymers. 
3.2.6 Fluorescence spectrophotometer 
Fluorescence measurements were performed on a Jobin Yvon-Horiba Fluoromax-P 
spectrophotometer. 
 
40 
 
3.3 Preparation Methods 
3.3.1 General procedure for the synthesis of bromo functional hyperbranched 
PMMA 
A representative radicalic photopolymerization procedure for MMA is as follows. 
Mn2(CO)10 (2,96 mg, 7,60 x 10
-6
 mol), 2-bromoethyl methacrylate (76 μL, 7,06x10-4 
mol) and 1 mL of methylmethacrylate (9,38x10
-3
 mol) were put in a Pyrex tube and 
ﬁlled with dry nitrogen prior to irradiation by a Ker-Vis blue photoreactor equipped 
with 6 lamps (Philips TL-D 18 W) emitting light nominally at 400–500 nm at room 
temperature. At the end of irradiation, polymer was precipitated in excess methanol 
and dried in vacuum. Conversions for all samples were determined gravimetrically. 
All the other polymerizations were performed under identical experimental 
conditions. Depending on the conditions, lightly branched, highly branched or 
partially cross-linked polymers were obtained. In the case of cross-linked polymer, 
the soluble part was extracted by THF. 
3.3.2 General procedure for synthesis of copolymer 
3.3.2.1 General procedure for synthesis of copolymer using AIBN as initiator 
Poly(methyl methacrylate-co-bromoethyl methacrylate) [P(MMA-co-2-BEMA)] 
samples containing 2 mol% of 2-BEMA were prepared by solution polymerization 
using 2,2'-azobis(isobutyronitrile) (AIBN) as initiator according to reference study 
[129].  
3.3.3 Synthesis of acetylene end-functionalized PEG 
Synthesis of PEG-Acetylene was carried out as described previously. Thus, Me-PEG 
(Mn~2000 mol-1) (1 g, 0.5 mmol) was dissolved in 25 mL of CH2Cl2. 4-Pentynoic 
acid (0.147 g, 1.5 mmol), DMAP (0.06 g, 0.5 mmol) and DCC (0.23 g, 1.5 mmol) in 
3 mL of dichloromethane were added to the solution in that order. The reaction 
mixture was stirred overnight at room temperature. It was filtered and evaporated, 
and the remaining product was purified by column chromatography over silica gel 
eluting first with CH2Cl2/ethylacetate (1:1), and then with methanol/CH2Cl2 (1:10). 
Finally, the organic phase was evaporated to give PEG-acetylene [130]. 
3.3.4 Synthesis of propargyl pyrene 
Pyrene methanol (0.5 g, 2.15 mmol) which was dissolved in distilled 10 ml THF was 
added to soduim hydride (0.56 g, 2.3678 mmol) and the reaction mixture was stirred 
at 0 
o
C under inert atmosfer for 30 minutes. Propargyl bromide solution (0.28 g, 2.37 
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mmol) was preapered in toluene and it was added drop wise to the reaction mixture. 
Then the reaction mixture was kept stirring at 25 
o
C over night. After one day all the 
mixture was reflux in dark for 3 h and after cooling of it, half of its volume was 
evaporated. The resulting solution was extracted with ethyl acetate and water. The 
anhydrus Mg2SO4 was used for drying the solution. After evaporating ethyl acetate, 
light yellow product was obtained. For prufication of crude product from the 
unreacted pyrene methanol firstly crude product was dissolved in toluene then 
coloumn chromotograpy which is filled with basic alumina was prepared. After 
prufication toluene was evaporated and resulting propargyl pyrene dried in vacuum 
at room temperature. (Yield: 44%) [131].   
3.3.5 General procedure for the azidation of bromo functional hyperbranched 
PMMA 
The resulting bromo functional hyperbranched PMMA was used as the precursor 
material for the ‘‘click’’ modification by azide functionalization through nucleophilic 
substitution. The bromo functional hyperbranched PMMA (100 mg) (content of 
bromo groups determined theoretically = 8.5 x 10
-5
 mol) was dissolved in 3 ml DMF, 
and was reacted with NaN3 (11 mg, 1.7 x 10
-4
 mol). The resulting solution was left to 
stir at room temperature for 24 h and precipitated into 10 times excess of methanol to 
yield the corresponding azido functionalized hyperbranched PMMA [132].  
3.3.6 General procedure for click reaction of azide functional hyperbranched 
PMMA 
3.3.6.1 CuAAC click reaction of PEG-acetylene with PMMA-N3 
In a typical click reaction, branched polymer (100 mg) (content of azide groups 
determined theoretically = 8.5x10
-5
 mol), PEG-acetylene (1.3 × 10-4 mol), catalyst 
(CuBr, 1.3 × 10-4 mol), ligant (PMDETA, 1.3 × 10-4 mol), and 3 mL of 
dimethylformamide (DMF) were placed in a Schlenk tube. The reaction mixture was 
degassed by three freeze-pump-thaw cycles and stirred at 25°C for 24 h. After click 
reaction, the reaction mixture passed through a column filled with neutral alumina to 
remove the copper salt, precipitated into methanole, and finally dried in a vacuum at 
room temperature. Evidence for the occurrence of the ‘‘click’’ reaction is obtained 
from 
1
H NMR and FTIR spectroscopy [133].  
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3.3.6.2 CuAAC click reaction of propargyl pyrene with PMMA-N3 
In a typical click reaction, branched polymer (100 mg) (content of azide groups 
determined theoretically = 8.5x10
-5
 mol⋅), propargyl pyrene (1.3 × 10-4 mol), catalyst 
(CuBr, 1.3 × 10-4 mol), ligant (PMDETA, 1.3 × 10-4 mol), and 3 mL of 
dimethylformamide (DMF) were placed in a Schlenk tube. The reaction mixture was 
degassed by three freeze-pump-thaw cycles and stirred at 45 °C for 48 h. After click 
reaction, the reaction mixture passed through a column filled with neutral alumina to 
remove the copper salt, precipitated into methanol, and finally dried in a vacuum at 
room temperature. Evidence for the occurrence of the ‘‘click’’ reaction is obtained 
from 
1
H NMR and FTIR spectroscopy.  
3.3.7 Syntheses of amphiphilic star-hyperbranched PMMA-b-PHEMA 
copolymers 
The amphiphilic star-hyperbranched copolymers were prepared by 
photocopolymerization of bromo functional hyperbranched PMMA macroinitiator 
(100 mg, 2.8x10
-7
 mol) with HEMA (0.5 ml, 3.8x10
-3 
mol) in the presence of 
Mn2(CO)10 (8.3 mg, 2.1x10
-5
 mol) under visible light irradiation After the 
polymerization, the copolymer was precipitated in n-hexane and characterized by 
1
H 
NMR and FTIR spectroscopy. 
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4. RESULT AND DISCUSSION 
The synthesis of poly(methyl methacrylate) hyperbranched polymers having bromo 
functionalities by VL-SCVP technique was possible. In this approach, BEMA inimer 
containing a vinyl function and a bromine atom was used to generate branching 
points and comonomer, MMA simply acted to form spacer units between branching 
points. The overall process involving photochemical activation by Mn2(CO)10 is 
outlined in Figure 4.1.  
 
Figure 4.1 : Overall process of the system. 
It is known that Mn2(CO)10 in the presence of alkyl halides undergoes an irreversible 
photolysis leading to the formation of radicals. This was further confirmed by the 
spectral changes of the model system consisting of Mn2(CO)10 and CHCI3. (Figure 
4.2) 
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Figure 4.2 : Photobleaching behaviour of the Mn2(CO)10 (1,3*10
-4
M)  in CHCI3. 
The polymerizations were conducted under the same experimental conditions using 
different BEMA and Mn2(CO)10 concentrations, and irradiation time. As can be seen 
from Tables 1-3, although higher conversions and branching densities were attained, 
high BEMA concentrations and prolonged irradiation times resulted in the formation 
of cross-linked polymers which is consisted with the proposed mechanism. 
Table 4.1 : Effect of BEMA concentration on branching density (RMn) 
duringcopolymerization of methyl methacrylate and 2-bromo 
ethylmethacrylate by irradiation (λ= 400-500 nm) of Mn2(CO)10 
(0.075 mol %) at room temperature  (irradiation time = 3 h). 
 
 
 
 
 
 
BEMA 
(mol %) 
Conversion 
(%) 
Soluble 
polym.  
cont. (%) 
Mn,RI 
g/mol 
Mn,LS 
g/mol 
RM n 
3 20 100 16500 50300 0,32 
7,5 44 100 81600 355000 0,23 
10 55 70 113300 596500 0,19 
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Table 4.2 : Effect of Mn2(CO)10 concentration on branching density (RMn)during 
copolymerization of methyl methacrylate (92.5 % mol) and 2-bromo 
ethylmethacrylate (7.5 % mol) at room temperature by visible light        
(λ =400-500 nm) (irradiation time = 3 h). 
In order to confirm that polymer chains are actually initiated by the Br-CH2- groups 
of BEMA and branching occurs, several control experiments were performed. 
Thermal copolymerization of MMA and BEMA using 2, 2-azobisisobutyronitrile at 
70 
o
C for 3h yielded poly(methyl methacrylate-co-poly(ethylbromo methacrylate) 
(PMMA-co-PBEMA) with %73 conversion [128]. The number average molecular 
weight value of this polymer determined by Refractive Index (Mn,RI = 99600 g/mol) 
is close to that determined by Light Scattering (Mn,LS = 106800 g/mol). 
Table 4.3 : Effect of irradiation time on branching density (RMn) during 
copolymerization of methyl methacrylate (92.5 % mol) and 2-bromo 
ethylmethacrylate (7.5 % mol) by irradiation (λ = 400-500  nm) of  
Mn2(CO)10 (0.075 % mol) at room temperature. 
 
 
 
 
The obtained bromine functional hyperbranched polymer was further used as 
macroinitiator in the visible light induced polymerization of MMA in the presence of 
Mn2(CO)10. After 180 min of irradiation a polymer with %45 conversion and 
molecular weight of Mn,RI = 84000 and Mn,LS = 445000 g/mol was obtained. The huge 
difference between RI and LS measured molecular weights indicates highly branched 
structure and also BEMA units induces further chain initiation due to the presence of 
bromine atoms.  
Any vinyl monomer can be polymerized by the activation of the remaining halide 
groups in the presence of Mn2(CO)10 by a similar photochemical process. For our 
convenience, we have selected hydroxyethyl methacrylate (HEMA) as the second 
Mn2(CO)10 
(mol %) 
Conversion 
(%) 
Soluble 
polym.  
cont. (%) 
Mn,RI 
g/mol 
Mn,LS 
g/mol 
RM n 
0.038 25 100 65400 191000 0,34 
0.075 44 100 81600 355000 0,23 
0.150 51 100 107100 535000 0,20 
Time 
(min) 
Conversion 
(%) 
Soluble 
polym.  
cont. (%) 
Mn,RI 
g/mol 
Mn,LS 
g/mol 
RMn 
60 25 100 8900 16100 0,57 
90 28 100 9600 27100 0,35 
120 32 100 12600 39600 0,32 
180 44 100 81600 355000 0,23 
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monomer and visible light induced polymerizations yielded amphiphilic star block 
copolymers possessing hydrophobic hyperbranched core and hydrophilic dangling 
chains (Figure 4.3). 
 
Figure 4.3 : Schematic representation of an Amphiphilic Star-Hyperbranched    
PMMA-b-PHEMA Copolymer constructed by visible light 
irradiation. 
Successful block copolymerization was confirmed by spectral analyses of the 
precursor hyperbranched polymer and final star block copolymer. In the FT-IR 
spectrum of the block copolymer, the OH stretching band of 
polyhydroxyethylmethacrylate (PHEMA) star arms is clearly detectable (Figure 4.5). 
Similarly, in addition to the characteristic bands of the PMMA core, the NMR 
spectrum also exhibits signals at 3.6- 4.4 ppm region corresponding to -CH2O, -
OCH2 and -OH protons of PHEMA segments. 
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Figure 4.4 : 
1
H-NMR spectra of the bromo functional hyperbranched polymer and   
its star copolymer. 
As a consequence of the process, some of the bromine groups may not be activated 
and remain in the branched polymer which allows post-functionalization through 
further polymerization and a Cu(I)-catalyzed click reactions. 
For possible click modification bromine groups were converted into azide-functions 
by condensation with NaN3 in DMF solution. In the FT-IR spectrum of the azidated 
sample, the characteristic vibration band of N3 group is observed as a sharp peak at 
2100 cm
-1
. Propargyl pyrene and poly(ethylene glycol)-acetylene (PEG-a) as model 
and hydrophilic polymer click components, respectively were prepared 
independently according to the described literature procedures (see experimental 
section). 
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Figure 4.5 : FT-IR spectra of bromo functional hyperbranched PMMA (A) and star- 
hyperbranched PMMA-b-PHEMA copolymer (B). 
The model click reaction with propargyl pyrene and azide-modified hyperbrached 
PMMA was performed using Cu(I) catalyst in DMF at 45
o
C. The pyrene-
functionalized hyperbranched polymer was characterized by FT-IR (Figure 4.6), 
where dissaperance of the azide vibration peak at 2100 cm
−1
 was observed. 
The 
1
H-NMR spectrum of the pyrene functionalized polymer also confirms 
successful click reaction. As can be seen from Figure 4.7, the aromatic protons of 
pyrene units appear at 7.8-8.5 ppm while triazole ring protons resonate at 7.6 ppm.  
Even more convincing evidence for pyrene incorporation was obtained from 
fluroscence measurements. Peaks corresponding to the emission from propargyl 
pyrene at 350 and 400 nm appear as a weak broad band for the pyrene functionalized 
PMMA. Moreover, the polymer exhibits structureless excimer emission centered at 
480 nm indicating strong interaction of pyrene groups present in the hyperbranched 
structure also in the excited state (Figure 4.8). 
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Figure 4.6 : FT-IR spectra of bromo functional hyperbranched PMMA (A), its azido    
(B) and pyrene functionalized (C) analogues.  
 
Figure 4.7 : 
1
H-NMR spectra of the bromo functional hyperbranched polymer and 
its pyrene functionalized analogue. 
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Figure 4.8 : Fluorescence emission spectra of 1-pyrenemethanol (A), the bromo   
functional hyperbranched polymer (B) and corresponding pyrene- 
conjugated polymer (C). (λexcitation = 340 nm).  
Pyrene incorporation can also be verified by the visual observation of the 
fluorescence properties of propargyl pyrene and hyperbranched polymer in CHCl3 
before and after click reaction which recorded when irradiated with a 366 nm UV 
lamp (Figure 4.9).  
As shown in Figure 4.10 the click reactions with PEG –a and azide-modified 
hyperbrached PMMA was carried out using Cu(I) catalyst in DMF at 25
o
C. Synthesis 
of PEG-a functionalized hyperbranched polymer was characterized by FT-IR, 
1
H 
NMR and GPC measurement. The click reaction was conﬁrmed by the disappearance 
of the alkyne peak around 2165 cm
-1
 and azide peak around 2110 cm
-1
. In the 
1
H 
NMR spectra also the triazole proton at 8.01 ppm was appeared. Molecular weight of 
the polymer is Mn-RI= 91 000 g/mol and Mn-LS= 465 000 g/mol. The differences 
between RI and LS measured molecular weight evidences highly branched structure. 
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Figure 4.9 : Photograph of azide-functionalized hyperbranched PMMA, propargyl 
pyrene and pyrene-functionalized hyperbranched PMMA dispersed in 
CHCl3 which was taken when irradiated with a 366 nm UV lamp. 
 
 
Figure 4.10 : Schematic representation of ‘Click Reaction’ between azide functional        
hyperbranched PMMA and acetylene functionalized PEG. 
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5. CONCLUSION 
In conclusion, we described a facile and an economical method for the synthesis of 
well-defined soluble bromine-functional Hyperbranched PMMA. The method is 
based on the polymerization of AB* methacrylic monomers, in the presence of 
Mn2(CO)10. Visible light irradiation efficiently produces carbon-centered radical 
without using high temperature and hard reaction condition. At sufficiently high 
concentrations of BEMA and Mn2(CO)10 gelation was observed. The polymer 
structures as well as branching degree and polymer compositions were investigated 
by H
1
NMR and GPC LS/IR measurements. 
Such polymers obtained by photochemical means may be used in numerous 
applications involving biomedical, drug delivery systems. In the described synthetic 
methodology, bromine functionalities provide possibility to use hyperbranched 
PMMA as a macroinitiator in the polymerization of HEMA and MMA and as a 
starting material in ‘click chemistry’ reactions. The amphiphilic characters of 
hyperbranched polymer can be adjusted by incorporating polymeric segments of 
hydroxylix monomers. For the synthesis of functional materials by simple coupling 
and polymerization reactions, the bromine end groups of hyperbranched polymer can 
be a perfect starting point. 
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